Sedimenticola thiotaurini sp. nov., a sulfuroxidizing bacterium isolated from salt marsh sediments, and emended descriptions of the genus Sedimenticola and Sedimenticola selenatireducens
The genus Sedimenticola and its single described species, Sedimenticola selenatireducens, were originally proposed to describe an obligate anaerobe isolated from estuarine sediments that was capable of coupling the oxidation of aromatic compounds to selenate respiration (Knight et al., 2002; Narasingarao & Häggblom, 2006) . However, this genus falls within an unclassified clade of the Gammaproteobacteria that contains many uncultured (micro)-aerobic sulfur-oxidizing endosymbionts of marine invertebrate animals (Dubilier et al., 2008) . Genomic and expression analyses of some of these endosymbionts indicate that they have metabolically complete genomes (Kuwahara et al., 2007; Markert et al., 2007 Markert et al., , 2011 Nakagawa et al., 2014; Newton et al., 2007; Plazzi et al., 2013; Stewart et al., 2011; Woyke et al., 2006) and some strains appear to have a motile free-living stage (Gros et al., 2012; Sanders et al., 2013) . The paucity of isolates in this clade limits our understanding of their physiologies. In this study, we report that S. selenatireducens, and a new isolate (SIP-G1 T ), which we propose represents a novel species of the genus Sedimenticola, are sulfur-oxidizing autotrophs, as suggested by their phylogenetic relationship to sulfur-oxidizing symbionts.
After four successive streaks for isolation, strain SIP-G1 T was isolated on aerobic marine broth 2216 (MB2216; Difco) agar plates incubated at room temperature from long-term, low-diversity anaerobic enrichments inoculated with sulfidic surface sediment from the Sippiwissett Salt Marsh, Falmouth, MA, USA. The enrichments were designed to promote acetogenic utilization of trimethylamine and contained 50 mM 2-bromoethanesulfonic acid to inhibit methanogens, N 2 /CO 2 [80 : 20; , 25 p.s.i. (, 172.5 kPa)] in the headspace and 200 mM each of Na 2 S and cysteine as reductants. The metabolic niche of strain SIP-G1
T in this enrichment remains unknown; however, a 16S rRNA gene sequence related to the genus Sedimenticola was detected as one of the dominant phylotypes in density gradient gel electrophoresis analyses (Flood, 2010) .
Genomic DNA for 16S rRNA gene sequencing of strain SIP-G1
T was isolated using Qiagen's Genomic-tip 500 kit. A nearly full-length 16S rRNA gene was amplified with primer set 27F (59-AGAGTTTGATCMTG) and 1492r (59-GGTTACCTTGTTAC) (Lane, 1991) and was endsequenced using a 96 capillary 3730xl sequencer (Applied Biosystems) that employed ABI BigDye Terminator version 3.1 chemistry. The resulting DNA sequences were assembled and error checked utilizing MacVector v.10.6, and screened for chimeras utilizing Bellerophon v.3 (Huber et al., 2004) on the Greengenes online workbench (DeSantis et al., 2006) . Phylogenetic analyses were performed in ARB (Ludwig et al., 2004) . The 16S rRNA gene sequences of strain SIP-G1
T and of a recently isolated gammaproteobacterium from a previously uncultivated lineage that contains hydrothermal vent gastropod endosymbionts, 'Thiolapillus brandeum' Hiromi 1 (Nunoura et al., 2014) (GenBank accession number AP0122731), were aligned using the SINA aligner (Pruesse et al., 2012) and manually corrected in ARB. Alignments were end-clipped so that all sequences were of equal length and positions with .50 % gaps were removed (final alignment, 1331 positions). Neighbour-joining [with Jukes-Cantor correction (Jukes & Cantor, 1969; Saitou & Nei, 1987) ] and maximum-parsimony trees were computed and bootstrapped (Felsenstein, 1985; Fitch, 1971) with 1000 replicates in PAUP (Swofford, 2003) . For maximum-likelihood analysis, the general time reversible (GTR) nucleotide substitution model with gamma rate variation was selected with JModelTest v.2.1.5 (Darriba et al., 2012; Posada, 2008) . The maximum-likelihood analysis was computed in RAxML v.8 (Stamatakis, 2006 ) using the GTRGAMMAIX model (GTR model with alpha parameter for the gamma distribution, proportion of invariable sites and base frequencies all estimated from the data). Bootstrapping was performed with 1000 replicates using the RAxML rapid bootstrap algorithm.
The most closely related isolated strains to SIP-G1 T were S. selenatireducens AK4OH1 T , 'Dechloromarinus chlorophilus' and 'Thiolapillus brandeum' Hiromi 1 (Fig. 1) . 'Dechloromarinus chlorophilus' was previously isolated and studied for its capacity to reduce chlorate (Bruce, 1999) . Attempts to find and obtain this strain from type collection facilities were unsuccessful. A BLASTN comparison between strain SIP-G1 T and S. selenatireducens AK4OH1 T indicated 97.6 % sequence similarity (1392/1426 bases) whereas the 16rRNA gene sequence of 'Thiolapillus brandeum' Hiromi 1 was 92 % similar (1256/1366 bases). A loose cut-off around ,97 % similarity between 16S rRNA gene sequences has been commonly used to define novel species (Stackebrandt & Goebel, 1994; Yarza et al., 2008 Yarza et al., , 2010 ) but more recently a similarity of 98.65 % has been suggested (Kim et al., 2014) . Given the level of sequence similarity between the two strains, and the paucity of information on the genus Sedimenticola, S. selenatireducens AK4OH1 T was obtained in this study for further characterization and comparative analyses with strain SIP-G1 T .
Routinely, the two strains were maintained on MB2216, but at 50 % of the recommended concentration for S. selenatireducens AK4OH1 T to simulate estuarine-like salinity. A defined basal medium was used for studies of substrate utilization and optimal growth conditions. Basal salt solution (per litre) contained 0.112 g CaCl 2 , 0.5 g KCl, 1.46 g MgSO 4 , 30 g NaCl and 0.23 g NH 4 Cl 2 and was buffered with 1 ml of a 500 mM KPO 4 solution, pH 7.5, as well as 20 mM MOPS. The base medium also included 1 ml of a 10006 vitamin solution and 10006 B12 solution (0.1 %) and 10 ml of a 1006 trace metals solution. The vitamin solution contained 100 mg each of thiamine HCl, L-ascorbic acid, calcium D-pantothenate, folic acid, biotin, nicotinic acid, 4-aminobenzoic acid, pyridoxine HCl, thiotic acid, NAD and inositol dissolved in 100 ml of a 10 mM KPO 4 buffer (pH 7 The final pH was 7.9-8.0. All stock solutions and final media were filter-sterilized with a 0.22 mm filter. Anaerobic media and stock solutions were prepared in an anaerobic chamber (Coy) with an N 2 /H 2 gas mix and the gas phase of the sealed culture vessels was 20 % CO 2 and 80 % N 2 (,25 p.s.i.). Hypoxic media were made under aerobic conditions and incubated on a shaker in a hypoxic chamber (Coy) with ,5 % atmospheric level of O 2 . During early hypoxic experiments, CO 2 in the chamber was below atmospheric concentrations and the media contained 10 mM NaHCO 3 . However, experimentation demonstrated that an increased CO 2 concentration improved growth potential and so subsequent hypoxic physiology studies were performed with ,5 % CO 2 in the hypoxic chamber and 35 mM NaHCO 3 in the media.
While strain SIP-G1
T was able to grow bench-top on MB2216 agar plates, S. selenatireducens AK4OH1 T was incapable of growth under standard atmospheric O 2 concentrations. However, S. selenatireducens AK4OH1 T grew well under hypoxic conditions on MB2216 plates. Microscopy indicated that both strains form elemental sulfur inclusions when grown on MB2216 and in some cases colonies appear white with S 0 , which dissolves upon exposure to Sedimenticola thiotaurini sp. nov. acetone and ethanol (Nielsen et al., 2000) . Commonly, colonies appeared with a translucent orange colour with a metallic sheen. The orange pigmentation appeared to be, at least in part, the result of an ethanol-soluble protein that can be extracted into the supernatant when cultures are placed in 50 % ethanol. During early to mid-exponential growth in liquid MB2216 medium, cells of both strains appeared as motile rods with diameters of 0.5 mm and lengths of 1-2 mm. A single sulfur inclusion was visible in the cell, usually at one pole. Gram staining (Aldon) indicated that both strains are Gram-stain-negative. In late exponential phase, cells exhibited a swollen, elongate and pleomorphic appearance, and were non-motile. During late exponential phase, the cells also appeared to contain granules of storage compounds. To identify the composition of these granules, late exponential phase cells were ethanol fixed to a slide, stained with 1 mM Nile Blue A and incubated in the dark over a 37 8C water bath for 30 min before being observed under an FITC filter set (excitation 494 nm, emission 518 nm) (Ostle & Holt, 1982) on an Olympus BX-61 compound microscope. The inclusions, which had a greenish colour under phase contrast microscopy, fluoresced under FITC, indicating the inclusions are composed of polyhydroxyalkanoates (PHAs). As PHA accumulation is commonly associated with polyphosphate (polyP) accumulation in wastewater models (Hauduc et al., 2013) , fixed cells were stained throughout the growth curve for polyP with 49,69-diamidino-2-phenylindol (DAPI) at 5 mg ml 21 and examined under a broad pass DAPI filter set (excitation 345 nm, emission 455 nm), which revealed polyP accumulation occurred prior to PHA formation in the batch cultures (Streichan et al., 1990) .
Optimal growth conditions were determined early in this study. To determine optimal salinity conditions both strains were grown under hypoxic conditions with both 5 mM Numbers at nodes are percentages of bootstrap support (.50 %, * is a marker for ,50 %) from 1000 resampled datasets (neighbour-joining/maximum-parsimony/maximum-likelihood). Outgroups (not shown) are the type strains of Sulfurovum lithotrophicum (GenBank accession no. AB091292) and Desulfovibrio desulfuricans subsp. desulfuricans (AB091292). Phylogenic groups are based on the Silva SSU database 115 (Quast et al., 2013) . Bar, 0.02 changes per nucleotide position.
sodium pyruvate and 1 mM NaS 2 O 3 as electron donors in the basal medium buffered with 10 mM MOPS and 10 mM NaHCO 3 . The NaCl concentrations tested were 0.1, 1.1, 2.3, 3.0, 3.5, 4.5, 5.5, 6.5 and 7.5 %. The optimal salinity for S. selenatireducens AK4OH1 T was 2.3 % NaCl as previously reported, and between 3.0 and 3.5 % for strain SIP-G1
T . Neither strain grew with 0.1 % NaCl. The optimal temperatures for growth were assessed under anaerobic conditions with the addition of 10 mM NaNO 3 as the terminal electron acceptor and both 5 mM sodium pyruvate and 1 mM NaS 2 O 3 as electron donors. The incubation temperatures were 12 8C, room temperature (,25 8C), and 30, 35, 37 and 45 8C. The optimal temperature for strain SIP-G1
T was 35 8C, while S. selenatireducens AK4OH1
T grew best at room temperaturse. Growth rates for each strain were determined at room temperature under anaerobic conditions with 5 mM NaS 2 O 3 , 5 mM sodium pyruvate and 10 mM NaNO 3 with 3.5 % NaCl for strain SIP-G1
T and 2.3 % NaCl for S. selenatireducens AK4OH1
T . The generation time of strain SIP-G1 T was 7 h and the generation time of S. selenatireducens AK4OH1 T was 6 h.
Numerous attempts to grow S. selenatireducens AK4OH1 T and strain SIP-G1
T aerobically failed unless grown on MB2216 (S. selenatireducens AK4OH1 T grew very poorly in unshaken broth), or on a defined medium as described above, but with either casamino acids or cysteine as an energy source. Both strains produced S 0 inclusions when grown on cysteine. The formation of S 0 inclusions when grown on peptone and cysteine suggests that these strains are sulfur-oxidizing bacteria. As many sulfur-oxidizing bacteria are autotrophic, sometimes with oxygen-sensitive carbon fixation pathways, we explored this metabolic potential. We also assessed the potential capacity for these oxidase-positive (Sigma test kit) strains to detoxify H 2 O 2 produced by oxidase activity. Strain SIP-G1 T and S. selenatireducens AK4OH1 T were grown under hypoxic conditions and were then subjected to 3 % (v/v) H 2 O 2 . Bubble production, i.e. catalase activity, was not observed for S. selenatireducens AK4OH1 T but was observed for strain SIP-G1 T .
Batch culturing confirmed that both strains oxidize S 2 O 22 3 , forming S 0 inclusions (Fig. 2a) , under hypoxic and denitrifying conditions with inorganic carbon as the sole source of carbon. However, one notable difference was that when grown in a hypoxic broth medium, strain SIP-G1
T grew readily whereas S. selenatireducens AK4OH1 T grew more slowly, suggesting that the latter is more O 2 -sensitive. Strain SIP-G1
T often formed a pellicle at the surface under hypoxic conditions. In contrast, S. selenatireducens AK4OH1 T was typically found at the bottom of the culture vessel, indicating that the optimal O 2 concentration for this strain is below 5% atmospheric level. The capacity to form sulfuric acid as an end product of thiosulfate oxidation was tested on agar plates (buffered with 10 mM Tris/HCl, pH 8.0) containing 0.005% phenol red as a pH indicator and 5 mM thiosulfate as the sole source of energy. The plates were incubated in the hypoxic chamber. Colonies were white with encrusting sulfur, and several days after colony formation the colour of the agar around the colonies changed from pink to yellow, indicating acid production.
The oxidation of 2 mM H 2 S, 5 mM tetrathionate, 1% (w/v) sulfur, 1 mM sulfite and 5 mM cysteine was examined under anaerobic conditions with 10 mM nitrate serving as the electron acceptor. Both strains oxidized H 2 S, tetrathionate and elemental sulfur and formed sulfur inclusions. S. selenatireducens grew well on sulfite whereas strain SIP-G1 did not grow on sulfite. Neither strain grew on cysteine even though it served as an electron donor when O 2 was an electron acceptor.
Electron acceptors for anaerobic respiration were determined with acetate as the electron donor. Both strains demonstrated positive growth with nitrite, nitrate and selenate and strain SIP-G1 T also respired trimethylamine N-oxide (TMAO) and DMSO. Neither strain respired chlorate, perchlorate or bromate when provided acetate as the sole source of energy, yet when peptone was used as the sole energy source, chlorate and perchlorate served as electron acceptors for both strains while bromate served as an electron acceptor only for strain SIP-G1 T . Respiration using these three electron acceptors yields O 2 as a metabolic end product (Coates & Achenbach, 2004) , the production of which may inhibit carbon fixation. Neither strain respired sulfite or sulfate. When grown anaerobically, both organisms appeared non-motile under the microscope. However, after prolonged exposure to O 2 (20-30 min), exponentially growing cells often became motile. These findings, along with observations of the cultures in the hypoxic chamber, suggest that both strains possess chemotactic responses to O 2 .
Biolog's phenotype characterization microarray plate PM-1 was utilized to elucidate carbon source utilization. Colonies grown at room temperature on MB2216 agar plates under hypoxic conditions were suspended in the basal medium with optimal salinity conditions, 35 mM NaHCO 3 , 5 mM NH 4 NO 3 , 0.1 g casamino acids l 21 and Biolog's dye H. Triplicate plates were examined daily for more than 5 days. A positive metabolic response was indicated by a change in colour from clear to pink and if robustly utilized to a deep purple or magenta resulting from the reduction of tetrazolium by NADH. The organic acids formate, acetate, pyruvate, L-lactate, D-malate, L-malate, propionate, fumarate and succinate stimulated NADH production by both strains, but citrate did not. Both strains responded positively to methylated succinate and pyruvate, bromated succinate and the aromatic p-hydroxyphenylacetic acid. They also responded positively to a-ketoglutaric acid, but much less so to a-ketobutyric acid or a-hydroxybutyric acid. Both strains demonstrated a rapid response to the C5 sugars ribose, xylose, lyxose and arabinose, but the colour change halted within 2 days and remained a faint pink. Similarly rapid but faint colour changes were observed for both strains in the presence of D-galactonic acid c-lactone and for S. selenatireducens AK4OH1 T in the presence of a-hydroxyglutaric acid c-lactone. Strain SIP-G1 T demonstrated a significant delay in the catabolism of Tween 20 but yielded a strong colour change (w5 days).
The two strains were markedly different in amino acid preferences with the exception that both strains responded favourably to L-alanine, and less so to L-serine and L-glutamic acid. Additionally, colour changes were delayed in both strains on amino acids relative to the rapid colour change observed in the presence of C5 sugars and organic acids. Tyramine, and to a small extent phenylethylamine, produced positive reactions with S. selenatireducens AK4OH1 Batch culturing to determine substrate utilization and niche preferences proved to be challenging. Due to intracellular storage of polyP and PHAs and the production of S 0 , transferring a culture to a new medium/condition often yielded an increased optical density even though the medium was unsuitable for growth. Microscopy revealed that in some cases a change in optical density was driven by the accumulation of stored substrates and in other cases by the utilization of stored substrates resulting in multiple cell divisions. Negative controls (i.e. base media minus a test substrate) were essential to interpreting growth preferences. For this reason, colour changes rather than absorbance were reported for the Biolog assay. Organic acid preferences (malate, lactate, pyruvate and succinate, but not citrate) were confirmed by batch culturing for both strains. Attempts to grow both strains with ribose or arabinose as a sole source of carbon failed; however, addition of casamino acids to ribose or arabinose did stimulate growth above that observed with casamino acids alone.
The accumulation of PHAs was particularly troublesome when both strains were grown repeatedly on organic acids as the sole electron donor because the cells became elongated, highly pleomorphic and swollen with PHAs (Fig. 2b) . Under these conditions, the cells were highly fragile and lysed easily during microscopic observation.
Successive batch culturing with acetate as the sole electron donor under denitrifying conditions led to the loss of viability of both strains. However, when both strains were grown in the presence of both an organic acid and thiosulfate as energy sources, the aberrant growth and excessive PHA accumulation either did not occur or were reduced. Instead, there was a tendency for both cultures to form adherent biofilms under hypoxic conditions. Recently it was suggested that all sulfur-oxidizing Gammaproteobacteria use the TCA cycle as a mechanism to assimilate short chain fatty acids to reduce the energetic costs of carbon fixation and to produce NADPH (in preference to the pentose phosphate pathway) as demonstrated in 'Thiolapillus brandeum' Hiromi 1 (Nunoura et al., 2014) . Another potential benefit of assimilating TCA cycle intermediates appears to be the production of PHAs (Zhou et al., 2009 (Zhou et al., , 2010 , which would be particularly beneficial to strains exposed to fluctuating concentrations of electron donors and acceptors, as would occur in marine coastal settings.
Both isolates were harvested under denitrifying conditions, with acetate as a source of energy. They were then characterized based on DNA-DNA hybridization, peptidoglycan content, quinone profiling and polar lipid profiling (performed by the Identification Service of the DSMZ, Braunschweig, Germany). In addition, a fatty acid profile of strain SIP-G1 T was also provided by the DSMZ (Narasingarao & Häggblom, 2006) . Cellular profiles of quinones, polar lipids (TLC profiles are shown in Fig. S1 , available in the online Supplementary Material) and fatty acids are presented in Table 1 . For the peptidoglycan analyses, the amino acids of the total hydrolysate (100 uC, 4 M HCl, 16 h) of the whole cells were derivatized to N-heptafluorobutyric amino acid isobutyl esters and analysed by GC/MS (Schumann, 2011) . Subsequent polymeric material was also treated by hydrolysis and derivatization for GC/MS analysis. Both attempts failed to detect traces of diaminopimelic acid or muramic acid, although a large spectrum of proteinogenic amino acids was detected. Thus, these strains may possess little, if any, peptidoglycan when grown with acetate as a carbon source. As flagellated propelled motility has been observed, it seems probable that the loss of peptidoglycan was responsible for the pleomorphy observed when provided with organic acids, especially acetate, as the electron donor.
Pleomorphic or cell-wall-deficient forms are shown in Fig. 2(b,c) . Cell-wall-deficient morphotypes were also observed under a variety of culture conditions but often confined to a smaller fraction of the population. Strains capable of producing cell-wall-deficient forms, although poorly understood, are commonly pathogens or symbionts (Allan et al., 2009; Briers et al., 2012) . A recent study of a model Gram-positive cell-wall-deficient strain found that membrane fluidity, in particular branched fatty acids, was essential for cell division in cell-wall-deficient morphotypes Sedimenticola thiotaurini sp. nov. (Mercier et al., 2012) . Cells of strain SIP-G1 T used in the fatty acid analyses were replete with PHAs and were pleomorphic. Abundant monounsaturated fatty acids, particularly palmitoleic and cis-vaccenic acids, were present, but no branched chained amino acids were detected.
DNA-DNA hybridization analyses revealed that the genomes of S. selenatireducens AK4OH1 T and strain SIP-G1 T were 46-47% similar. Thus, the two strains represent separate species as their similarity falls below the *70% similarity cut-off (Wayne et al., 1987) . On the basis of phenotypic characteristics (Table 1) , as well as phylogenetic inference and DNA-DNA hybridization analyses, strain SIP-G1 T is a member of the genus Sedimenticola and represents a novel species, with the proposed name of Sedimenticola thiotaurini sp. nov. The name 'thiotaurini' reflects strain SIP-G1's capacity to grow on the substrate thiotaurine, which is currently under investigation (B. E. F. and J. V. B.) and has been proposed to be a nontoxic shuttle of reduced sulfur between host marine invertebrates and their sulfur-oxidizing endosymbionts (Joyner et al., 2003; Pruski et al., 2001) . In addition, the results of this study lead to the following proposed emended descriptions of the genus Sedimenticola and of S. selenatireducens.
Emended description of Sedimenticola
This description emends that of Narasingarao & Häggblom (2006) . Cells are motile rods that elongate and become morphologically variable, and can include cell-walldeficient morphotypes when grown with organic substrates. At least part of the morphological variability appears to be due to polyP and PHA accumulation. Cells are Gram-stain-negative and oxidase-positive. Respiration is supported by O 2 , chlorate and perchlorate when peptone serves as a carbon source. Chemolithoautotrophic growth occurs with thiosulfate under hypoxic and anaerobic conditions, but not under atmospheric air. Variable chemotaxis responses to O 2 depend on electron donor and O 2 concentration. Chemolithoautotrophic growth also occurs with H 2 S, tetrathionate and elemental sulfur. Elemental sulfur inclusions are formed as an intermediate during sulfur oxidation. Colonies grown on MB2216 agar appear translucent orange with a metallic sheen, and deposits of elemental sulfur are sometimes present.
Emended description of Sedimenticola selenatireducens
Cells are catalase-negative. Sulfite serves as an electron donor. Substrate preferences connected to the TCA cycle include formate, D-malate, L-malate, propionate, fumarate and succinate. Other substrates include cysteine, methyl succinate, methyl pyruvate, bromosuccinate, p-hydroxyphenylacetic acid, a-ketoglutaric acid and L-alanine. Weak responses occur with L-serine, L-glutamic acid, a-ketobutyric acid, a-hydroxybutyric acid, ribose, xylose, lyxose, arabinose, D-galactonic acid c-lactone, a-hydroxyglutaric acid c-lactone, D-alanine, L-serine, phenylethylamine and tyramine. Other substrates in Biolog's phenotype characterization microarray plate PM-1 are not utilized. The major quinone is Q7 and polar lipids are phosphatidylethanolamine, phosphatidylglycerol and an unidentified aminophospholipid. A second unidentified aminophospholipid and another phospholipid are minor components of the lipid profile.
Description of Sedimenticola thiotaurini sp. nov.
Sedimenticola thiotaurini (thi.o.tau.ri9ni. N.L. neut. n. thiotaurinum thiotaurine; N.L. gen. n. thiotaurini pertaining to thiotaurine).
Cells are catalase-positive. Sulfite does not serve as an electron donor. Terminal electron acceptors include TMAO, DMSO and bromate (poor growth) if peptone is provided as a carbon source. Substrate preferences connected to the TCA cycle include formate, D-malate, L-malate, propionate, fumarate and succinate. Other substrates include cysteine, methyl succinate, methyl pyruvate, bromosuccinate, p-hydroxyphenylacetic acid, Tween 20, a-ketoglutaric acid, D-alanine, L-asparagine, L-glutamine, glycyl L-aspartic acid and L-alanine. Weak responses occur with L-serine, L-glutamic acid, a-ketobutyric acid, a-hydroxybutyric acid, ribose, xylose, lyxose, arabinose and D-galactonic acid c-lactone. Other substrates in Biolog's phenotype characterization microarray plate PM-1 are not utilized. Major quinones are Q7, Q8 and MK-8. The major fatty acids are C 16 : 1 v7c, C 16 : 0 , C 18 : 1 v7c and an unknown fatty acid (ECL 11.800); C 10 : 0 3-OH and C 12 : 0 3-OH are minor constituents. Major polar lipids are phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol, while two unidentified phospholipids, three unidentified aminophospholipids and three other unidentified lipids are minor components of the lipid profile.
The type strain is SIP-G1 T (5ATCC BAA-2640 T 5DSM 28581 T ), isolated from salt marsh sediments from the Sippiwissett Salt Marsh, Falmouth, Massachusetts, USA.
